Introduction {#sec1}
============

Substituted indene derivatives are very important carbocycles that are found in pharmaceuticals and agrochemicals ([Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}).^[@ref1]^ Furthermore, they are also valuable ligand precursors in group IV metallocene complexes used in metallocene-catalyzed olefin polymerization.^[@ref2]^ Consequently, the efficient synthesis of structurally diverse substituted indenes continues to attract extensive attention from synthetic chemists.^[@ref3]^ To date, many synthetic approaches toward the construction of indene ring systems have been developed, such as the Ru-catalyzed C--H alkylation of indenes with alcohols,^[@ref4]^ the Au-mediated cyclodehydration of 1,1,3,3-tetraisopropyldisiloxane- and aryl-substituted allylic alcohols,^[@ref5]^ the iron-catalyzed domino reaction of benzylic compounds and alkynes,^[@ref6]^ and the iodonium-promoted 5-endo-dig carbocyclization of 2-substituted ethynylmalonates.^[@ref7]^ Furthermore, there are a number of reports on the synthesis of 1-, 2-, and 3-substituted or multisubstituted indenes from the existing indenyl core.^[@ref8]^

![Indene-containing biologically active compounds and metallocene catalyst.](ao-2018-01542m_0002){#fig1}

In 2002, Nifant'ev et al. reported a facile Pd-catalyzed direct arylation of indene with aryl iodides to afford a mixture of 2- and 3-arylindenes in a 4/1 ratio ([Scheme [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"}a).^[@ref9]^ The conventional method for the preparation of 3-substituted indenes involves first formation of indenyl lithium, generated in situ by deprotonation of indene with *n*-butyl lithium and subsequently reaction with electrophiles ([Scheme [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"}b--d).^[@ref10]^ This method suffers from several drawbacks, such as the use of very low temperatures, long reaction time, and unsatisfactory regioselectivity. In addition, although the alkyl halides are good substrates for alkylation of indenyl anions,^[@ref11]^ rare examples have been reported for direct arylation of indenyl lithium with fluoroarenes or other haloarenes.^[@ref12]^ As early as 1981, Smith reported the synthesis of 3-arylindene by the reaction of 1-indanone with ArMgBr, followed by dehydration reaction.^[@ref13]^

![Methods for the Synthesis of 3-Substituted Indenes](ao-2018-01542m_0008){#sch1}

The cleavage, activation, and functionalization of the C--F bonds have received much attention in recent years because they provide alternative methods for synthesis of structurally diverse molecules from organofluorine compounds.^[@ref14]^ Over the past decade, numerous methods have been developed for cleavage and activation of the C--F bonds.^[@ref15]^ However, the example of the cleavage and activation of the inertness of carbon--fluorine bond in unactivated electron-rich aryl fluorides has been scarcely reported.^[@ref16]^ Defluorination of aryl fluorides via aryne in the presence of a strong base is a classical and straightforward method for the cleavage of C--F bond in aryl fluorides. However, relatively little progress has been made for the defluorination of aryl fluorides via aryne, mainly because of the use of very low reaction temperatures.^[@cit15a],[@ref17]^ In this paper, we report a facile and efficient method for the synthesis of 3-arylated indenes by hexamethylphosphoramide (HMPA)-promoted direct arylation of indenes with unactivated aryl fluorides in the presence of lithium diisopropylamide (LDA) at room temperature (rt) ([Scheme [1](#sch1){ref-type="scheme"}](#sch1){ref-type="scheme"}e).

Results and Discussion {#sec2}
======================

We began our investigation using the arylation of indene **1a** with fluorobenzene **2a** as the model reaction to optimize the reaction conditions ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}). Initially, the effect of the amount of fluorobenzene **2a** on the reaction was studied (entries 1--3) in absence of additive. The results indicated that 1.5 equiv of **2a** (based on **1a**) could give a slightly better yield of **3aa**, along with 5% diarylation product **3aa′** (entry 2) and 67% unreacted starting material **1a**. Screening of different additives showed that HMPA was effective for the reaction, regardless of substantial amounts of byproduct **3aa′** formed (entries 4--6). It was found that the yields were significantly affected by the amount of HMPA. The use of 2.5 equiv of HMPA could afford good yield of **3aa** (entries 7--10). Further increasing the amount of LDA led to an increase in yield of **3aa** (entry 11). The replacement of LDA with other bases would result in obvious decrease in yields of **3aa** (entries 12--13). To our delight, when the reaction time was shortened to 30 min, the yield of **3aa** reached 89% and the yield of undesired disubstituted byproduct **3aa′** decreased (entry 14).

###### Optimization Studies for the Arylation of Indenes with Fluorobenzene[a](#t1fn1){ref-type="table-fn"}^,^[b](#t1fn2){ref-type="table-fn"}

![](ao-2018-01542m_0006){#fx1}

  entry   **2a** (equiv)   base (equiv)     additive (equiv)                              time (min)   **3aa** (%)   **3aa′** (%)
  ------- ---------------- ---------------- --------------------------------------------- ------------ ------------- --------------
  1       1.1              LDA (3.0)        none                                          60           19            1
  2       1.5              LDA (3.0)        none                                          60           28            5
  3       2.0              LDA (3.0)        none                                          60           31            15
  4       1.5              LDA (3.0)        DABCO[c](#t1fn3){ref-type="table-fn"} (1.0)   60           15            4
  5       1.5              LDA (3.0)        TMEDA[c](#t1fn3){ref-type="table-fn"} (1.0)   60           21            7
  6       1.5              LDA (3.0)        HMPA[c](#t1fn3){ref-type="table-fn"} (1.0)    60           35            29
  7       1.5              LDA (3.0)        HMPA (1.5)                                    60           44            26
  8       1.5              LDA (3.0)        HMPA (2.0)                                    60           65            11
  9       1.5              LDA (3.0)        HMPA (2.5)                                    60           78            15
  10      1.5              LDA (3.0)        HMPA (3.0)                                    60           62            8
  11      1.5              LDA (3.5)        HMPA (2.5)                                    60           83            14
  12      1.5              *n*-BuLi (3.5)   HMPA (2.5)                                    60           35            16
  13      1.5              LiHMDS (3.5)     HMPA (2.5)                                    60           27            12
  14      1.5              LDA (3.5)        HMPA (2.5)                                    30           89            8

Reaction conditions: **1a** (1.0 mmol), tetrahydrofuran (THF) (5 mL).

Yields determined by gas chromatography (GC) analysis and based on **1a**.

DABCO = 1,4-diazabicyclo-\[2.2.2\]octane; TMEDA = *N*,*N*,*N*′,*N*′-tetramethylethylene diamine; HMPA = hexamethylphosphoramide.

With the optimized reaction conditions established ([Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}, entry 14), we proceeded to investigate the direct C--H arylation of indene **1a** with various fluoroarenes ([Scheme [2](#sch2){ref-type="scheme"}](#sch2){ref-type="scheme"}, **2a**--**m**). As can be seen from [Scheme [2](#sch2){ref-type="scheme"}](#sch2){ref-type="scheme"}, both electron-deficient and -rich fluoroarenes could be converted into their corresponding 3-arylated indenes in moderate to good yields. The aryl fluorides bearing electron-donating groups afforded a mixture of regioisomers (**3ab**--**ae**, **3ag**, **3ah**, the structures of the *ortho*-, *meta*-, and *para*-isomers were determined by the ^1^H NMR spectra and ^1^H NMR spectra of their corresponding pure compounds reported in the literature). These results suggested that the reaction of electron-rich fluoroarenes might proceed via aryne intermediates. Furthermore, the reaction also worked well with the substrate **1f** having two strong electron-donating groups, exclusively affording 3-arylated indenes in 86% yield (**3af**). In addition, when 2-fluoro-1,3-dimethylbenzene was subjected to the arylation reaction, no expected product was obtained (**3am**). These experiments further indicated that the arynes were generated in situ from the electron-rich fluoroarenes and LDA.

![Scope of Substituted Fluoroarenes^,,,^\
Reaction conditions: **1a** (1.0 mmol), **2a**--**m** (1.5 mmol), LDA (3.5 mmol), HMPA (2.5 mmol), THF (5 mL), rt, 30 min, Ar.\
Isolated yields.\
Yields were determined by GC--mass spectrometry analysis.\
**2b** = *p*-CH~3~C~6~H~4~F; **2c** = *m*-CH~3~C~6~H~4~F; **2d** = *o*-CH~3~C~6~H~4~F; **2e** = *p*-CH~3~OC~6~H~4~F; **2g** = *p*-CH~2~=CHC~6~H~4~F; **2h** = *p*-PhC~6~H~4~F.](ao-2018-01542m_0001){#sch2}

It was found that the strongly electron-deficient fluoroarenes (**2i**--**l**) could furnish the 3-arylated products in high yields without the formation of other isomers (**3ai**--**al**). Unfortunately, when 1,4-difluorobenzene and 1-fluoro-4-nitrobenzene were used as substrates, no desired product was observed and a large amount of starting material **1a** was recovered (GC). On the basis of the above experimental observations, we suggested that the reaction of indene **1a** with highly electron-poor aryl fluorides might proceed via a classical S~N~Ar pathway.

Subsequently, the reactions of 2-substituted indenes **1b**--**d** with several fluoroarenes were investigated ([Scheme [3](#sch3){ref-type="scheme"}](#sch3){ref-type="scheme"}). Overall, the reactions were found to proceed smoothly at room temperature and complete within 30 min. However, when (*E*)-1-benzylidene-1*H*-indene **1e** was used as a substrate, no desired product was obtained. This result indicated that the presence of a hydrogen atom at the 1-position of indene played a key role in the reaction. The tolerance of the bromo group is important, which is useful for further synthetic transformation by traditional cross-coupling reactions (**3ca**, **3ce**, **3cf**, and **3ck**).

![Reactions of 2-Substituted Indenes with Fluoroarenes^,^\
Reaction conditions: **1b**--**e** (1.0 mmol), **2a**, **2b**, **2e**, **2f**, and **2k** (1.5 mmol), LDA (3.5 mmol), HMPA (2.5 mmol), THF (5 mL), rt, 30 min, Ar.\
Isolated yields.](ao-2018-01542m_0005){#sch3}

To further verify the scope of this transformation, indene was applied to the reaction with different haloarenes (**2n**--**r**), (chloromethyl)benzene **2s** and (*E*)-(3-chloroprop-1-en-1-yl)benzene **2t**, and the results are summarized in [Scheme [4](#sch4){ref-type="scheme"}](#sch4){ref-type="scheme"}. All reactions proceeded smoothly under the standard conditions to give the corresponding products in good yields. It is noteworthy that when 1-chloro-4-fluorobenzene **2q** containing both an aromatic C--Cl and C--F bond was used as a substrate, the reaction took place selectively at the C--Cl bond in preference to the C--F bond and the C--F bond was unaffected (**3aq**). Gratifyingly, (chloromethyl)benzene **2s** and (*E*)-(3-chloroprop-1-en-1-yl)benzene **2t** were also suitable substrates and provided the desired products in good yields (**3as** and **3at**). No other isomers were produced.

![Reaction of Indene with Haloarenes, (Chloromethyl)benzene and (*E*)-(3-Chloroprop-1-en-1-yl)benzene^,,^\
Reaction conditions: **1a** (1.0 mmol), **2n**--**t** (1.5 mmol), LDA (3.5 mmol), HMPA (2.5 mmol), THF (5 mL), rt, 30 min, Ar.\
Isolated yields.\
**2q** = *p*-ClC~6~H~4~F; **2r** = *p*-*t*BuC~6~H~4~Cl.](ao-2018-01542m_0007){#sch4}

On the basis of the above experimental results and previous reports, the mechanism for the arylation of indenes with unactivated electron-rich aryl fluorides is proposed ([Scheme [5](#sch5){ref-type="scheme"}](#sch5){ref-type="scheme"}). First, deprotonation of indene with LDA forms indenyl lithium **I**. The cleavage of the C--F bond in the presence of LDA provides the key intermediate, aryne **II**. Subsequently, addition of lithium indenide **I** to aryne **II** generates the lithiated 1- or 3-arylindenes (**III** or **IV**). The intermediate (2-(1*H*-inden-1-yl)phenyl)lithium **III** isomerizes to the more stable (2-(1*H*-inden-3-yl)phenyl)lithium **IV** under base conditions.^[@ref18]^ Finally, neutralization of **IV** with water could afford the target compound. In addition, the coordination of HMPA/THF to the lithium cation can significantly influence the reaction.^[@ref19]^

![Plausible Mechanism](ao-2018-01542m_0004){#sch5}

Conclusions {#sec3}
===========

In summary, we have developed straightforward and convenient HMPA-promoted 3-arylation of indenes with fluoroarenes via breaking of the C--F bond in the presence of LDA. The reactions proceeded rapidly within 30 min and furnished the corresponding 3-arylated indenes in fair to high yields. Further studies to expand the scope of this reaction are currently underway.

Experimental Section {#sec4}
====================

General Information {#sec4.1}
-------------------

All reagents were of analytical grade and purchased from commercial sources and without further purification. Melting points were measured in an open capillary using Büchi melting point B-540 apparatus and are uncorrected. ^1^H NMR and ^13^C NMR spectra were recorded on a 400 spectrometer (400 MHz for ^1^H and 100 MHz for ^13^C, respectively) using tetramethylsilane as internal standard. The ^19^F NMR spectra were obtained using a 400 spectrometer (376 MHz). CDCl~3~ was used as the NMR solvent. High-resolution mass spectra (HRMS) were acquired in the electron impact (EI) mode using a time-of-flight mass analyzer. Column chromatography was performed using silica gel (300--400 mesh size). Thin-layer chromatography analysis was performed on silica gel 60 F~254~-coated glass plates.

Experimental Procedures and Spectral Data {#sec4.2}
-----------------------------------------

### Representative Experimental Procedure for the Synthesis of **3aa**--**at** {#sec4.2.1}

To an oven-dried 25 mL three-necked round-bottomed flask equipped with a stir bar was added LDA (1.75 mL, 2.0 mol/L, 3.5 mmol) under argon atmosphere. A solution of 1**a**--**e** (1.0 mmol) and HMPA (447.5 mg, 2.5 mmol) in 5 mL of dry THF was added dropwise to the flask by a syringe. After stirring for 5 min at 25 °C, a solution of **2a**--**t** (1.5 mmol) in 5 mL of dry THF was added. The reaction mixture was stirred at 25 °C for 30 min and then quenched with saturated NH~4~Cl solution (3 mL) and extracted with CH~2~Cl~2~ (20 mL × 3). The combined organic phase was washed with saturated brine and dried over anhydrous Na~2~SO~4~. The solvent was removed in vacuo, and the crude product was purified by column chromatography on silica gel to give the products **3aa**--**at**.

### 3-Phenyl-1*H*-indene (**3aa**, CAS: 1961-97-3)^[@cit20a]^ {#sec4.2.2}

X = F, yield 81% (155.5 mg), X = Cl, yield 70% (134.4 mg), X = Br, yield 78% (149.8 mg), yellow oil; ^1^H NMR (400 MHz, CDCl~3~): δ 7.60--7.58 (m, 3H), 7.52 (d, *J* = 7.2 Hz, 1H), 7.46--7.42 (m, 2H), 7.37--7.34 (m, 1H), 7.33--7.29 (m, 1H), 7.26--7.23 (m, 1H), 6.56 (t, *J* = 2.0 Hz, 1H), 3.49 (d, *J* = 1.6 Hz, 2H); ^13^C NMR (100 MHz, CDCl~3~): δ 145.2, 144.8, 144.0, 136.2, 131.0, 128.6, 127.8, 127.6, 126.2, 124.9, 124.2, 120.4, 38.2.

### 3-(*p*-Tolyl)-1*H*-indene and 3-(*m*-Tolyl)-1*H*-indene (**3ab**, CAS: 57803-87-9, 57803-86-8)^[@cit20a]^ {#sec4.2.3}

Yield 84% (173.0 mg), *p*/*m* = 47:53, colorless oil; ^1^H NMR (400 MHz, CDCl~3~): δ 7.58 (d, *J* = 7.6 Hz, 1H), 7.51--7.48 (m, 2H), 7.39 (d, *J* = 8.4 Hz, 1H), 7.33 (d, *J* = 8.0 Hz, 0.47 × 2H, p-isomer), 7.29 (d, *J* = 7.6 Hz, 0.47 × 2H, p-isomer), 7.25--7.23 (m, 0.53 × 3H, m-isomer), 7.17 (d, *J* = 8.0 Hz, 0.53 × 1H, m-isomer), 6.54 (t, *J* = 2.0 Hz, 0.53 × 1H, m-isomer), 6.52 (t, *J* = 2.0 Hz, 0.47 × 1H, p-isomer), 3.46 (s, 2H), 2.40 (s, 0.53 × 3H, m-isomer), 2.39 (s, 0.47 × 3H, p-isomer); ^13^C NMR (100 MHz, CDCl~3~): δ 145.4, 145.1, 144.90, 144.87, 144.14, 144.08, 138.2, 137.4, 136.2, 133.3, 130.9, 130.5, 129.4, 128.6, 128.5, 128.4, 127.7, 126.2, 124.90, 124.89, 124.87, 124.2, 120.5, 120.4, 38.24, 38.21, 21.6, 21.4.

### 3-(*o*-Tolyl)-1*H*-indene and 3-(*m*-Tolyl)-1*H*-indene (**3ad**, CAS: 57803-85-7, 57803-86-8)^[@cit20a]^ {#sec4.2.4}

Yield 75% (154.5 mg), *o*/*m* = 40:60, colorless oil; ^1^H NMR (400 MHz, CDCl~3~): δ 7.58 (d, *J* = 7.6 Hz, 0.60 × 1H, m-isomer), 7.51 (d, *J* = 6.8 Hz, 1H), 7.39 (d, *J* = 8.4 Hz, 1H), 7.34--7.30 (m, 1H), 7.28--7.21 (m, 3H + 0.40 × 1H, o-isomer), 7.17 (d, *J* = 8.0 Hz, 0.60 × 1H, m-isomer), 7.13--7.11 (m, 0.40 × 1H, o-isomer), 6.54 (t, *J* = 2.0 Hz, 0.60 × 1H, m-isomer), 6.40 (t, *J* = 2.0 Hz, 0.40 × 1H, o-isomer), 3.51 (d, *J* = 1.6 Hz, 0.40 × 2H, o-isomer), 3.47 (d, *J* = 2.0 Hz, 0.60 × 2H, m-isomer), 2.40 (s, 0.60 × 3H, m-isomer), 2.24 (s, 0.40 × 3H, o-isomer); ^13^C NMR (100 MHz, CDCl~3~): δ 145.4, 145.1, 144.9, 144.1, 144.0, 138.2, 136.5, 136.2, 135.9, 131.6, 130.9, 130.3, 129.6, 128.6, 128.5, 128.4, 127.6, 126.2, 125.7, 124.90, 124.89, 124.8, 124.2, 124.0, 120.6, 120.5, 38.5, 38.2, 21.6, 20.3.

### 3-(*p*-Methoxyphenyl)-1*H*-indene and 3-(*m*-Methoxyphenyl)-1*H*-indene (**3ae**, CAS: 38199-92-7, 57803-92-6)^[@cit20a]^ {#sec4.2.5}

Yield 82% (182.0 mg), *p*/*m* = 27:73, colorless oil; ^1^H NMR (400 MHz, CDCl~3~): δ 7.61--7.56 (m, 1H), 7.53--7.50 (1H + 0.27 × 2H, p-isomer), 7.36--7.32 (m, 1H), 7.29 (d, *J* = 7.6 Hz, 0.73 × 1H, m-isomer), 7.25--7.22 (m, 1H), 7.18 (d, *J* = 7.6 Hz, 0.73 × 1H, m-isomer), 7.14 (s, 0.73 × 1H, m-isomer), 6.96 (d, *J* = 8.4 Hz, 0.27 × 2H, p-isomer), 6.90 (d, *J* = 8.0 Hz, 0.73 × 1H, m-isomer), 6.56 (s, 0.73 × 1H, m-isomer), 6.48 (s, 0.27 × 1H, p-isomer), 3.82 (s, 3H), 3.47 (s, 2H); ^13^C NMR (100 MHz, CDCl~3~): δ 159.8, 159.2, 145.2, 144.9, 144.8, 144.7, 144.2, 143.9, 137.6, 131.2, 130.0, 129.7, 128.9, 128.8, 126.27, 126.21, 125.0, 124.8, 124.21, 124.18, 120.44, 120.35, 120.3, 114.1, 113.4, 113.2, 55.38, 55.34, 38.24, 38.15.

### 3-(2,5-Dimethoxyphenyl)-1*H*-indene (**3af**) {#sec4.2.6}

Yield 86% (216.7 mg), colorless oil; ^1^H NMR (400 MHz, CDCl~3~): δ 7.47 (d, *J* = 7.2 Hz, 1H), 7.29 (d, *J* = 7.6 Hz, 1H), 7.26--7.23 (m, 1H), 7.21--7.17 (m, 1H), 6.97 (d, *J* = 2.8 Hz, 1H), 6.89 (d, *J* = 8.8 Hz, 1H), 6.85 (dd, *J* = 8.8, 2.8 Hz, 1H), 6.57 (t, *J* = 2.0 Hz, 1H), 3.75 (s, 3H), 3.69 (s, 3H), 3.49 (d, *J* = 1.6 Hz, 2H); ^13^C NMR (100 MHz, CDCl~3~): δ 153.7, 151.6, 144.8, 144.0, 142.3, 132.7, 126.3, 126.1, 124.7, 123.9, 121.2, 116.5, 113.6, 112.4, 56.2, 55.8, 38.6; HRMS (EI) calcd for C~17~H~16~O~2~ \[M\]^+^: 252.1150, found: 252.1149.

### 3-(*p*-Vinylphenyl)-1*H*-indene and 3-(*m*-Vinylphenyl)-1*H*-indene (**3ag**) {#sec4.2.7}

Yield 65% (141.7 mg), *p*/*m* = 50:50, colorless oil; ^1^H NMR (400 MHz, CDCl~3~): δ 7.63 (s, 0.50 × 1H), 7.60--7.55 (m, 2H), 7.52 (d, *J* = 7.2 Hz, 1H), 7.49--7.45 (m, 1H + 0.50 × 1H), 7.42--7.39 (m, 1H), 7.33--7.30 (m, 1H), 7.26--7.23 (m, 1H), 6.80--6.72 (m, 1H), 6.58--6.57 (m, 1H), 5.79 (dd, *J* = 17.6, 3.2 Hz, 1H), 5.27 (dd, *J* = 10.8, 4.8 Hz, 1H), 3.49 (s, 2H); ^13^C NMR (100 MHz, CDCl~3~): δ 145.1, 144.9, 144.83, 144.79, 143.95, 143.87, 137.9, 136.94, 136.86, 136.6, 136.5, 135.7, 131.1, 131.0, 128.8, 128.5, 128.3, 127.9, 127.3, 126.5, 126.2, 125.7, 125.5, 125.0, 124.2, 120.4, 120.3, 114.2, 113.9, 38.3; HRMS (EI) calcd for C~17~H~14~ \[M\]^+^: 218.1096, found: 218.1097.

### 3-(\[1,1′-Biphenyl\]-4-yl)-1*H*-indene and 3-(\[1,1′-Biphenyl\]-3-yl)-1*H*-indene (**3ah**, CAS: 2077165-34-3)^[@cit20a]^ {#sec4.2.8}

Yield 70% (187.6 mg), *p*/*m* = 36:64, colorless oil; ^1^H NMR (400 MHz, CDCl~3~): δ 7.82 (s, 0.64 × 1H, m-isomer), 7.66 (s, 1H + 0.36 × 1H, p-isomer), 7.64--7.62 (m, 3H), 7.59--7.56 (m, 1H + 0.36 × 1H, p-isomer), 7.53--7.49 (m, 1H + 0.64 × 1H, m-isomer), 7.45--7.41 (m, 2H), 7.35--7.30 (m, 2H), 7.27--7.23 (m, 1H), 6.61--6.60 (m, 1H), 3.49 (s, 2H); ^13^C NMR (100 MHz, CDCl~3~): δ 145.2, 144.90, 144.87, 143.98, 143.95, 141.7, 141.2, 140.9, 140.5, 136.7, 135.2, 131.3, 131.2, 129.1, 128.9, 128.2, 127.5, 127.43, 127.40, 127.3, 127.2, 126.7, 126.6, 126.5, 126.32, 126.30, 125.04, 125.02, 124.3, 120.5, 120.4, 38.3; HRMS (EI) calcd for C~21~H~16~ \[M\]^+^: 268.1252, found: 268.1253.

### 3-(2,3,5,6-Tetrafluorophenyl)-1*H*-indene (**3ai**) {#sec4.2.9}

Yield 83% (219.1 mg), colorless oil; ^1^H NMR (400 MHz, CDCl~3~): δ 7.54 (d, *J* = 7.2 Hz, 1H), 7.33--7.26 (m, 2H), 7.23--7.20 (m, 1H), 7.13--7.05 (m, 1H), 6.77 (s, 1H), 3.62 (d, *J* = 1.6 Hz, 2H); ^13^C NMR (100 MHz, CDCl~3~): δ 146.3 (dm, ^1^*J*~CF~ = 237.1 Hz), 144.2 (dm, ^1^*J*~CF~ = 238.4 Hz), 143.3, 142.9, 137.5, 131.2, 126.4, 125.4, 124.0, 120.3, 116.2 (t, ^2^*J*~CF~ = 18.1 Hz), 105.2 (t, ^2^*J*~CF~ = 22.4 Hz), 39.1; ^19^F NMR (376 MHz, CDCl~3~): δ −139.0 to −139.1 (m, 2F), −139.4 to −139.5 (m, 2F); HRMS (EI) calcd for C~15~H~8~F~4~ \[M\]^+^: 264.0562, found: 264.0559.

### 2,3,5,6-Tetrafluoro-4-(1*H*-inden-3-yl)pyridine (**3aj**) {#sec4.2.10}

Yield 90% (238.5 mg), colorless oil; ^1^H NMR (400 MHz, CDCl~3~): δ 7.57 (d, *J* = 7.2 Hz, 1H), 7.36--7.30 (m, 2H), 7.25--7.22 (m, 1H), 6.92 (s, 1H), 3.68 (d, *J* = 1.2 Hz, 2H); ^13^C NMR (100 MHz, CDCl~3~): δ 144.0 (dm, ^1^*J*~CF~ = 243.6 Hz), 143.2, 141.6, 139.8 (dm, ^1^*J*~CF~ = 258.0 Hz), 139.5, 130.2, 128.8--128.3 (m), 126.6, 126.0, 124.2, 120.4--120.3 (m), 39.5; ^19^F NMR (376 MHz, CDCl~3~): δ −90.6 to −90.8 (m, 2F), −140.2 to −140.4 (m, 2F); HRMS (EI) calcd for C~14~H~7~F~4~N \[M\]^+^: 265.0515, found: 265.0514.

### 3-(Perfluorophenyl)-1*H*-indene (**3ak**, CAS:257293-41-7)^[@ref13]^ {#sec4.2.11}

Yield 95% (267.9 mg), white solid, m.p. 106.5--108.4 °C; ^1^H NMR (400 MHz, CDCl~3~): δ 7.55 (d, *J* = 6.8 Hz, 1H), 7.34--7.27 (m, 2H), 7.19--7.17 (m, 1H), 6.76 (s, 1H), 3.62 (d, *J* = 1.2 Hz, 2H); ^13^C NMR (100 MHz, CDCl~3~): δ 143.3, 142.7, 137.7, 130.1, 126.5, 125.5, 124.1, 120.1 (t, *J* = 7.5 Hz), 110.7--110.3 (m), 39.2; ^19^F NMR (376 MHz, CDCl~3~): δ −138.8 (dd, *J* = 22.6, 7.9 Hz, 2F), −155.1 (t, *J* = 21.0 Hz, 1F), −161.9 to −162.1 (m, 2F).

### 2,3,5,6-Tetrafluoro-4-(1*H*-inden-3-yl)benzonitrile (**3al**) {#sec4.2.12}

Yield 83% (239.9 mg), yellow oil; ^1^H NMR (400 MHz, CDCl~3~): δ 7.48 (d, *J* = 6.8 Hz, 1H), 7.26--7.20 (m, 2H), 7.10--7.08 (m, 1H), 6.79 (s, 1H), 3.58 (s, 2H); ^13^C NMR (100 MHz, CDCl~3~): δ 146.3 (ddm, ^1^*J*~CF~ = 260.2 Hz, ^2^*J*~CF~ = 16.7 Hz), 143.1 (ddm, ^1^*J*~CF~ = 250.6 Hz, ^2^*J*~CF~ = 11.6 Hz), 142.1, 140.8, 138.4, 128.9 (t, *J* = 7.9 Hz), 125.6, 124.9, 123.2, 121.3--121.0 (m), 119.1 (t, *J* = 8.3 Hz), 106.5 (t, *J* = 13.5 Hz), 92.4--92.0 (m), 38.4; ^19^F NMR (376 MHz, CDCl~3~): δ −132.4 to −132.5 (m, 2F), −135.4 to −135.5 (m, 2F).

### 2-Ethyl-3-phenyl-1*H*-indene (**3ba**, CAS:107750-44-7)^[@cit20b]^ {#sec4.2.13}

Yield 78% (171.6 mg); ^1^H NMR (400 MHz, CDCl~3~): δ 7.45--7.42 (m, 3H), 7.38--7.31 (m, 3H), 7.22--7.19 (m, 2H), 7.16--7.12 (m, 1H), 3.46 (s, 2H), 2.51 (q, *J* = 7.6 Hz, 2H), 1.16 (t, *J* = 7.6 Hz, 3H); ^13^C NMR (100 MHz, CDCl~3~): δ 146.7, 146.5, 142.5, 138.2, 135.7, 129.2, 128.5, 127.1, 126.3, 124.1, 123.6, 119.6, 40.1, 22.2, 14.8.

### 2-Bromo-3-phenyl-1*H*-indene (**3ca**, CAS: 302809-45-6)^[@cit18c]^ {#sec4.2.14}

Yield 86% (232.2 mg), brown oil; ^1^H NMR (400 MHz, CDCl~3~): δ 7.52--7.50 (m, 2H), 7.46--7.42 (m, 2H), 7.38--7.35 (m, 2H), 7.26 (d, *J* = 8.0 Hz, 1H), 7.22--7.15 (m, 2H), 3.70 (s, 2H); ^13^C NMR (100 MHz, CDCl~3~): δ 144.2, 142.6, 142.3, 133.7, 129.1, 128.6, 128.2, 126.8, 125.3, 123.5, 121.9, 120.0, 45.7.

### 2,3-Diphenyl-1*H*-indene (**3da**, CAS: 5324-00-5)^[@cit18c]^ {#sec4.2.15}

Yield 76% (203.7 mg), white solid, 145.3--147.2 °C; ^1^H NMR (400 MHz, CDCl~3~): δ 7.51 (d, *J* = 7.2 Hz, 1H), 7.42--7.38 (m, 2H), 7.36--7.34 (m, 3H), 7.28--7.14 (m, 8H), 3.89 (s, 2H); ^13^C NMR (100 MHz, CDCl~3~): δ 147.0, 142.5, 141.2, 140.0, 136.6, 136.1, 129.4, 128.9, 128.4, 128.2, 127.5, 127.0, 126.6, 125.1, 123.7, 120.5, 41.3.

### 2-Ethyl-3-(*p*-tolyl)-1*H*-indene and 2-Ethyl-3-(*m*-tolyl)-1*H*-indene (**3bb**) {#sec4.2.16}

Yield 83% (194.2 mg), *p*/*m* = 50:50, colorless oil; ^1^H NMR (400 MHz, CDCl~3~): δ 7.43 (d, *J* = 7.2 Hz, 1H), 7.35--7.31 (m, 0.50 × 1H), 7.29--7.24 (m, 2H), 7.21--7.12 (m, 4H + 0.50 × 1H), 3.45 (s, 2H), 2.52 (q, *J* = 7.6 Hz, 2H), 2.40 (s, 3H), 1.18--1.14 (m, 3H); ^13^C NMR (100 MHz, CDCl~3~): δ 146.64, 146.60, 146.55, 146.4, 142.51, 142.50, 138.2, 138.04, 137.99, 136.7, 135.6, 132.6, 129.8, 129.2, 129.1, 128.4, 127.9, 126.3, 126.2, 124.05, 124.03, 123.6, 119.60, 119.57, 40.08, 40.07, 22.2, 21.6, 21.4, 14.8; HRMS (EI) calcd for C~18~H~18~ \[M\]^+^: 234.1409, found: 234.1410.

### 2-Ethyl-3-(4-methoxyphenyl)-1*H*-indene and 2-Ethyl-3-(4-methoxyphenyl)-1*H*-indene (**3be**) {#sec4.2.17}

Yield 79% (197.5 mg), *p*/*m* = 29:71, light yellow oil; ^1^H NMR (400 MHz, CDCl~3~): δ 7.44 (d, *J* = 7.6 Hz, 1H), 7.38--7.34 (m, 0.71 × 1H, m-isomer), 7.31 (d, *J* = 8.8 Hz, 0.29 × 2H, p-isomer), 7.23--7.20 (m, 2H), 7.17--7.13 (m, 1H), 7.00--6.89 (m, 2H + 0.71 × 1H, m-isomer), 3.84 (s, 0.29 × 3H, p-isomer), 3.82 (s, 0.71 × 3H, m-isomer), 3.47 (s, 0.71 × 2H, m-isomer), 3.45 (s, 0.29 × 2H, p-isomer), 2.56--2.49 (m, 2H), 1.18--1.14 (m, 3H); ^13^C NMR (100 MHz, CDCl~3~): δ 159.7, 158.7, 146.8, 146.7, 146.4, 146.2, 142.5, 142.4, 138.0, 137.6, 137.0, 130.3, 129.5, 127.9, 126.3, 126.2, 124.1, 124.0, 123.6, 123.5, 121.7, 119.6, 119.5, 114.7, 113.9, 112.6, 55.30, 55.26, 40.1, 40.0, 22.23, 22.20, 14.7; HRMS (EI) calcd for C~18~H~18~O \[M\]^+^: 250.1358, found: 250.1359.

### 2-Bromo-3-(4-methoxyphenyl)-1*H*-indene and 2-Bromo-3-(4-methoxyphenyl)-1*H*-indene (**3ce**, CAS: 1269617-55-1)^[@cit20b]^ {#sec4.2.18}

Yield 86% (258.0 mg), *p*/*m* = 35:65, yellow oil; ^1^H NMR (400 MHz, CDCl~3~): δ 7.47 (d, *J* = 8.8 Hz, 0.65 × 1H, m-isomer), 7.40--7.36 (m, 1H + 0.65 × 1H, m-isomer), 7.31--7.27 (m, 1H), 7.24 (d, *J* = 7.6 Hz, 0.35 × 2H, p-isomer), 7.21--7.16 (m, 1H + 0.35 × 1H, p-isomer), 7.10 (d, *J* = 7.6 Hz, 0.35 × 2H, p-isomer), 7.08--7.07 (m, 0.65 × 1H, m-isomer), 7.00 (d, *J* = 8.4 Hz, 0.65 × 1H, m-isomer), 6.94 (dd, *J* = 8.4, 1.6 Hz, 0.65 × 1H, m-isomer), 3.83 (s, 0.35 × 3H, p-isomer), 3.82 (s, 0.65 × 3H, m-isomer), 3.73 (s, 0.65 × 2H, m-isomer), 3.72 (s, 0.35 × 2H, p-isomer); ^13^C NMR (100 MHz, CDCl~3~): δ 159.7, 159.4, 144.3, 144.1, 142.4, 142.3, 142.2, 142.0, 135.0, 130.3, 129.6, 126.75, 126.68, 125.9, 125.2, 125.1, 123.5, 123.4, 121.9, 121.4, 121.2, 120.02, 119.97, 114.5, 114.0, 113.8, 55.4, 55.3, 45.7, 45.5; HRMS (EI) calcd for C~16~H~13~BrO \[M\]^+^: 302.0129, found: 302.0133.

### 2-Bromo-3-(2,5-dimethoxyphenyl)-1*H*-indene (**3cf**) {#sec4.2.19}

Yield 87% (287.1 mg), colorless oil; ^1^H NMR (400 MHz, CDCl~3~): δ 7.29 (d, *J* = 7.2 Hz, 1H), 7.11--7.07 (m, 2H), 6.96 (d, *J* = 6.8 Hz, 1H), 6.84--6.79 (m, 3H), 3.68 (s, 3H), 3.64 (s, 2H), 3.61 (s, 3H); ^13^C NMR (100 MHz, CDCl~3~): δ 153.5, 151.5, 144.5, 141.9, 140.7, 126.6, 124.9, 123.6, 123.3, 123.2, 120.4, 116.6, 114.6, 112.7, 56.2, 55.8, 45.5; HRMS (EI) calcd for C~17~H~15~BrO~2~ \[M\]^+^: 330.0255, found: 330.0257.

### 2-Bromo-3-(perfluorophenyl)-1*H*-indene (**3ck**) {#sec4.2.20}

Yield 92% (331.2 mg), yellow solid, m.p. 172.4--173.7 °C; ^1^H NMR (400 MHz, CDCl~3~): δ 7.46--7.44 (m, 1H), 7.28--7.24 (m, 2H), 7.02--7.00 (m, 1H), 3.84 (s, 2H); ^13^C NMR (100 MHz, CDCl~3~): δ 144.3 (dm, ^1^*J*~CF~ = 252.7 Hz), 141.4 (dm, ^1^*J*~CF~ = 253.6 Hz), 137.9 (dm, ^1^*J*~CF~ = 252.2 Hz), 142.5, 141.6, 130.3, 128.9, 127.0, 125.8, 123.6, 119.4, 108.7--108.3 (m), 45.9; ^19^F NMR (376 MHz, CDCl~3~): δ −136.8 to −136.9 (m, 2F), −153.0 to −153.1 (m, 1F), −161.2 to −161.4 (m, 2F); HRMS (EI) calcd for C~15~H~6~BrF~5~ \[M\]^+^: 359.9573, found: 359.9572.

### 3-(2,5-Dimethylphenyl)-1*H*-indene (**3ap**) {#sec4.2.21}

Yield 82% (180.4 mg), colorless oil; ^1^H NMR (400 MHz, CDCl~3~): δ 7.50 (d, *J* = 6.8 Hz, 1H), 7.25--7.07 (m, 6H), 6.38 (t, *J* = 2.0 Hz, 1H), 3.49 (d, *J* = 1.6 Hz, 2H), 2.33 (s, 3H), 2.20 (s, 3H); ^13^C NMR (100 MHz, CDCl~3~): δ 145.4, 145.3, 144.1, 135.7, 135.1, 133.3, 131.5, 130.3, 130.2, 128.4, 126.2, 124.8, 124.0, 120.7, 38.5, 21.1, 19.9; HRMS (EI) calcd for C~17~H~16~O~2~ \[M\]^+^: 220.1252, found: 220.1253.

### 3-(4-Fluorophenyl)-1*H*-indene and 3-(3-Fluorophenyl)-1*H*-indene (**3aq**, CAS: 105222-20-6)^[@cit20a]^ {#sec4.2.22}

Yield 75% (157.5 mg), *p*/*m* = 35:65, light yellow oil; ^1^H NMR (400 MHz, CDCl~3~): δ 7.56--7.53 (m, 0.65 × 1H, m-isomer), 7.52--7.49 (m, 3H), 7.37--7.34 (m, 0.65 × 1H, m-isomer), 7.31 (d, *J* = 7.6 Hz, 0.35 × 2H, p-isomer), 7.29--7.25 (m, 1H), 7.23 (d, *J* = 7.6 Hz, 0.35 × 2H, p-isomer), 7.12--7.08 (m, 0.65 × 2H, m-isomer), 6.56 (t, *J* = 2.0 Hz, 0.35 × 1H, p-isomer), 6.49 (t, *J* = 2.0 Hz, 0.65 × 1H, m-isomer), 3.45--3.44 (m, 2H); ^13^C NMR (100 MHz, CDCl~3~): δ 163.1 (d, *J* = 244.1 Hz), 162.4 (d, *J* = 244.8 Hz), 144.80, 144.76, 144.3, 144.2 (d, *J* = 2.2 Hz), 143.8, 143.5, 138.4 (d, *J* = 7.8 Hz), 132.3 (d, *J* = 3.2 Hz), 131.9, 131.0, 130.2 (d, *J* = 8.4 Hz), 129.4 (d, *J* = 7.8 Hz), 126.4, 126.3, 125.2, 125.1, 124.31, 124.27, 123.5 (d, *J* = 2.8 Hz), 120.3, 120.2, 115.6 (d, *J* = 21.2 Hz), 114.7 (d, *J* = 21.6 Hz), 114.5 (d, *J* = 21.0 Hz), 38.3, 38.2; ^19^F NMR (376 MHz, CDCl~3~): δ −112.9 to −113.0 (m, 0.35 × 1F, p-isomer), −114.3 to −114.4 (m, 0.65 × 1F, m-isomer); HRMS (EI) calcd for C~15~H~11~F \[M\]^+^: 210.0845, found: 210.0844.

### 3-(4-(*tert*-Butyl)phenyl)-1*H*-indene and 3-(3-(*tert*-Butyl)phenyl)-1*H*-indene (**3ar**) {#sec4.2.23}

Yield 75% (186.0 mg), *p*/*m* = 40:60, colorless oil; ^1^H NMR (400 MHz, CDCl~3~): δ 7.63 (s, 0.60 × 1H, m-isomer), 7.62--7.57 (m, 1H), 7.53 (d, *J* = 8.4 Hz, 0.40 × 2H, p-isomer), 7.50--7.48 (m, 1H), 7.44 (d, *J* = 8.0 Hz, 0.40 × 2H, p-isomer), 7.40--7.35 (m, 0.60 × 3H, m-isomer), 7.32--7.27 (m, 1H), 7.24--7.20 (m, 1H), 6.54 (t, *J* = 1.6 Hz, 0.60 × 1H, m-isomer), 6.51 (t, *J* = 1.6 Hz, 0.40 × 1H, p-isomer), 3.46 (s, 0.60 × 2H, m-isomer), 3.44 (s, 0.40 × 2H, p-isomer), 1.36 (s, 0.60 × 9H, m-isomer), 1.35 (s, 0.40 × 9H, p-isomer); ^13^C NMR (100 MHz, CDCl~3~): δ 151.5, 150.6, 145.9, 145.2, 145.0, 144.3, 144.2, 136.0, 133.4, 130.8, 130.6, 128.5, 127.6, 126.4, 126.3, 125.6, 125.1, 125.0, 124.9, 124.8, 124.3, 124.2, 120.6, 120.5, 38.33, 38.31, 34.9, 34.8, 31.62, 31.59; HRMS (EI) calcd for C~19~H~20~ \[M\]^+^: 248.1565, found: 248.1567.

### 3-Benzyl-1*H*-indene (**3as**, CAS:22495-71-2)^[@cit20c]^ {#sec4.2.24}

Yield 80% (164.8 mg), colorless oil; ^1^H NMR (400 MHz, CDCl~3~): δ 7.43 (d, *J* = 7.2 Hz, 1H), 7.29--7.26 (m, 4H), 7.25--7.21 (m, 2H), 7.20--7.15 (m, 2H), 6.10 (s, 1H), 3.88 (d, *J* = 1.6 Hz, 2H), 3.32 (d, *J* = 1.2 Hz, 2H); ^13^C NMR (100 MHz, CDCl~3~): δ 145.2, 144.6, 143.6, 139.4, 130.1, 129.0, 128.5, 126.2, 126.1, 124.7, 123.8, 119.4, 37.8, 34.6.

### 3-Cinnamyl-1*H*-indene (**3at**) {#sec4.2.25}

Yield 89% (206.5 mg), colorless oil; ^1^H NMR (400 MHz, CDCl~3~): δ 7.45 (d, *J* = 7.2 Hz, 1H), 7.39 (d, *J* = 7.6 Hz, 1H), 7.35 (d, *J* = 7.2 Hz, 2H), 7.30--7.25 (m, 3H), 7.21--7.16 (m, 2H), 6.53 (d, *J* = 16.0 Hz, 1H), 6.41 (dt, *J* = 16.0, 6.4 Hz, 1H), 6.26 (s, 1H), 3.46 (d, *J* = 6.4 Hz, 2H), 3.33 (d, *J* = 2.0 Hz, 2H); ^13^C NMR (100 MHz, CDCl~3~): δ 145.2, 144.6, 142.7, 137.6, 131.6, 129.2, 128.6, 127.5, 127.2, 126.2, 126.1, 124.7, 123.9, 119.3, 37.9, 31.7; HRMS (EI) calcd for C~18~H~16~ \[M\]^+^: 232.1252, found: 232.1253.
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